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Failure mechanism of Li,, (NCM), O, layered oxide cathode material
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Abstract: Ternary layered oxide (NCM) cathode materials are widely used in today's energy storage
systems (ESS) due to their advantages of high energy/power density, high specific capacity and
high oxidation-reduction potential (ORP). Cathode material specific capacity increases with the
improvement of Ni content while its stability, safety and capacity retention rate are decreasing. So
how to deal with this contradiction effectively is the key to develop ternary material system. This
paper starts from the failure phenomenon on account of bulk phase structure destruction and cathode-
electrolyte interface composition change during the cycle of NCM battery system. Combined with
the new theory, new method and new application in the research of NCM failure mode at home and
abroad in recent years, the possible decline mechanism and life decay reasons of mechanical damage,
structural evolution, electrochemical polarization, chemical side reaction process and synergistic

effect of cathode and anode electrodes are giving. The results guide users to rationally formulate
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Fig.5 (a)schematic diagram of positive-electrode particle with Ni-rich core surrounded by Mn concentration-gradient
outer layer and the scanning electron micrograph of a typical particle cross-section is showing. The core of cathode material
is Li(Ni, 3Coy;Mn,;)O, with an average composition of Li(Ni, ;Co,sMn, ;5)O,; (b)the electron-probe X-ray microanalysis
(EPMA) result of the final lithiation cathode material, Ni concentration decreased from the core to the interface while Co
concentration and Mn concentration are contrary; (c)the electrochemical performance of Li(Ni,¢Co, ;sMn,,5)O, with core-
shell structure capacity (209 mA-h/g) is similar to common Li(Ni,3Co,;Mn,;)O, (212mA-h/g), which is much higher than
Li(Nij 4Co,,3Mn 3,)0,. And Li(Ni, (zCo,sMn, ;5)O, with core-shell structure has excellent capacity retention(the material
retained 96% of its initial capacity after 50 cycles when it charged up to 4.4 V and cycled at 55 °C )
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